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Thank you. 
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CENTRAL FAX CENTER 

SEP 2 8 2006 



Patent 
72478-3400 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Application of: 

Mfisaki Aoki et aL 

Serial No.: 09/997,988 

Filed: November 29, 2001 

For: METHOD OF PRODUCING PLASMA 
DISPLAY PANEL WITH PROTECTIVE 
LAYER OF AN ALKALINE EARTH 
OXIDE 



Patent Examiner Kunemund, Robert M, 
Group Art Unit: 1722 



September 28, 2006 

Costa Mesa, California 92626 



LETTER TO EXAMINER 

VIA FACSIMILE 
571-273-8300 

Mail Stop AF 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sirs: 

Further to our response to the Office Action of June 27, 2006 filed on September 27, 
2006, enclosed please find copies of three documents referenced (which are not Prior Art) in our 
Rule 1 16 Response on Page 19 to assist in determining the level of ordinary skill at the time of 
the present invention: 

Document 1) IDW '98, Proceedings of the Fifth International Display Workshops; 

Document 2) Electronic Journal, Issue of October 1 998; 

Document 3} Japanese Patent Publication No. 10-106441 . 
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Patent 
72478-3400 



If the Examiner believes that a telephone interview will assist in the prosecution of this, 
matter, he is respectfully requested to contact the undersigned attorney at the listed telephone 
number. 

I hereby certify that this correspondence is being Very truly yours, 
transmitted via facsimile to the USPTO at 

571-273-8300 on September 28, 2006. SNELL & WILMER LX.P. 



By: 



Sharon Farnus 



Signature 




jEttgistrarlon No. 25,124 
600 Anton Boulevard, Suite 1400 
Costa Mesa, California 92626-7689 
Telephone: (714)427-7420 
Facsimile: (714)427-7799 



Dated: September 28, 2006 
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IDW '98 




Proceedings 
of 



The Fifth International Display Workshops 



Workshops on 

• LC Science and Technologies 

• Active Matrix LCDs 

• Passive Matrix LCDs 

• FPD Materials and Components 

• CRTs 

• Plasma Displays 

• EL Displays, LEDs and Phosphors 

• Field Emission Display 

• Large-Area and Projection Displays, 
and Their Components 

• 3D Display Technologies and 
Human Factors 



December 7-9, 1998 
International Conference Center Kobe 
Kobe, Japan 
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Influence of Crystal Planes on the Sputtering Rate of MgO 
S.HIdaka, M.lahlmoto, N.lwese, K.Betaui, H.lnoue 

Fujitsu Lab. LTD. , Display Laboratory., 
64, NlshhvefcJ. OtlkUbo-ofW. AkaeW , 



Wa examined tha relationship between (hp film ■ 
characteristics of on MgO protecting layer and 
sputtering rata during AO-POP. The film 
oheraoUrtaiLc* we examined wan density, 
orientation, and surface structure- VMih respect w 
ma Influence of the orientation, via found mat mo 
■puttering rate Increased In tha eaquenca or (200) 
« (220) « (ill), Hewavar, we noticed mat 
orientation and surface structure ware not the 
matty dedarve factors for determining the 
■puutnng rata: tha deriaty of the film wa mora 
Important. 

introduction 
Tha Important function ai ma MgO protecting 
layer during AC-POP consists of towering tha 
discharged wattage and protecting the dielectric 
aa/ar from Ion Impact. Tha discharged voltage 
depend* on tne emtesion of secondary electron*, 
writs th« protecting of tha dielectric layer dapanda 
on tha endurance of ma pro tooling tayar against 
sputtering. Tha endurance of tha protecting tayar 
against sputtering bona of ma decisive factors for 
ma fife apart of ma pop. Coneoquemty, the 
davalopment of protecting layara with good 
anduranca against aputierfrig to an Important leaue 
with rasp act to fdp davalopment. However, most 
of ma earner studies of MgO protecting layers heve 
focused only on secondary election emtoslon. To 
ma heat of ourknowiedge, there are no works mat 
have looked Into me retaiionshfp between me film 
characteristics of tha MgO protecting layer and me 
sputtering rata. 



For ims reason, wa nava examined the 
rabnlanshlp betwee n me chctrasterlSDcs guiding 
the development of me MgO protecting leyarand 
the sputtering rata In this study. As posafJle 
elements for datenranhg the sputtering rate, wo 
considered me density, orientadon, and surface 
ainifllure of the fllms. We assumed that among 
these elements, Iho oitantBTton would nava an 
esps d say Strang Influence and examined 
therefore the relatfenehlp between orfentatton and 
aputterlng rate In delaJL 

As e result of sBnutauons and eiverknents 
baaed on elngle crystals, we found that the 
sputtering rate Gncntasad In me sequence of (£00) 
< (220) < (1 1 1). h the next step, we examfeted how 
tne endumnee against sputtering changed for 
protecting layers h (200). (220) and (111) 
ortontallDn. However, we found mat tne sputtering, 
rate Increased In the eequence (220) « (200) < 
(i i tj. Th» wee a c«a*r Indication that orientation e 
not me declatve factor for deMmaning the 
anduranca of MgO nma egotist sputtering. After 
exarnmtng other posafeie factors, wa tlnaOf found 
that ma nuta factor for determining me endurance 
of fom csyere egaJnsl sputtering was (n feet fero 
density. 

exparltnant 

Simulation 

In order to cferiry me impact of the orystaUna 
alternation on eputlertng, we parformad a 
simulation of sputtering for single tnysw MgO 
atnictursa which was baaed on molecular dynamics 
{MD) ra . The paramo tans of tha simulation wen as' 



lowsa i tea 
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fosowa: Spuuaitng target ma en MgO atiueture, 
the oy«UMrra caD eonamea of t£*is*t2 atom, 
and tfif ciyatmo plan* «■ oifontatat In (2001 
(£20) (1ft) direction. TTi» coiiwon atom «w Ar, 
and the ton anafgy 1 ftaV. AgdNm frequency of 
ena mm per fa no* assumes. Tha endurance 
egifnal sptilluViQ wee inMutod toy onrfyzSnQ ttip 
MrMUc«nwgyandd(«lrtt>uttano(«urlRC«*i«i^ 

Single Crystal 

A tmsaurarrrent ol th» sputtering rate m 
petfumivd vis bonibsfdlng the oyvui surface vnttti 
ton*. Tha parameters of sputtering ware a fortowa: 
Target an MgO single crystsi, trie cryetefne 
plane was oriented in (200) (E20>,(111) amotion, 
trie colttfon atom wat Ar, end tha ton ensiyy was 
700 eV. Ma maaauiad tha sputtering raia by 
determining Hia depth of sputtering. 
Thin Pflm 

An MgO dm was created by eleetmn brnom 
eveporabon. FHm thickness was about 8000 
Angstrom Tha sputtering rata we measured in 
the same way ssforthe single crystal. 
f*t density and orisnutton wata evafualed baaed 
on tfia refracttv* kidt« ana xxay dtffracuon, 
respectively. Tha surface structure of tns fam was 
avtfuatsd with a Sinning Station Microscope 
(SCM). 

R» suite 

Intluowoo ef Orientation en SnuH arlpg 

h ofdorto exclude tha binuenoe of factors othar 
than orientation, we performed trfmu talons and 
experiments only for single cvyataJai 
Simulation 

Figure 1 ehows the reMbnshfp between (ha 
kinetic energy and tha cry Hal alternation far atoms 
from the aurfaaa down to the thW bryer. V\* 
found that th« kinetic energy for (i 1 1) orientation 
vm comparably hlghtr than for {300} and (220) 
orientation. Thta tndtoates thai tha retettonehip 
between sputtering rate and crystalline orientation 



wi ba expressed tai (ho following way: (200), £20) 




XJneBc Energy 



Hgl. Reeun or simulation 
Sfngle Cryataf 

to Flgura Z> Iha exportnenlaSy obtained 
aputtaitng ma Is plotted aoetoet the oystaBna. 
orientation. Tha reauna calculated wKh the MO 
method are nearly equal to tlta ewagmentasy 
obtaftied values. Wto found thai tha ratatiwwhji 
batwaan «pu!lerfng rata and cry«aWix> direction 
cot ba axpraaaad aa {2001 < (E20r<: (tit), wa 
think that this maul oan be explained wtth" tha 
channeling' phenomenon. 




sap 



3 



(111) (220) (200) . 
Crystal planee 

ffc.Z Relation batwaan crystal planes and 
aputtanna of MgQ oryttal 
Sputtering of Thin Win* 

m tha next step, we axanftied whether tha 
sputtering for tfilh .film was determined by 



t& IDWftB 
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crystalline orientation. The orientation and degree 
of crystmtizfitton for each sample were Inspected 
with XHD. Figure 3 shows the X-ray diffraction 
p alt am* for MgO ffims. Wa obtained Mm that ware 
approxtnaovorlsnted in 4200). jaao), «d (in) 
direction. 

U4- r j- f f 



isooc 



sooc 



4QO0 



•So 40 

29 (4SQ-) 

Fig, 3 x-ray diffraction pailem of MeO thin fUme 
With orteniaion (1 1 1 ),(200).arid (880) 

Tha Integrated intensity rues of the peaks from 
lha swrpla* wore In the Mowing relationship: 
(1 1 1 ):«00):t8SO) - 1 : 1 5.3 : 7.7. Porslnglo crystal 
MgO ferns with a thickness of 6000 Angstrom and 
ihe orientation* (ill). (300). and (220). the 
theoretically obtained tnlegrated Intensity rates 
were as folows: (in):(a00):(28O) * i:20:6. In 
other words, the degree ol crysteiaziaion for ell 
samples was nearly equal. 

The relationship between crystalline drtenlatton 
arid sputtering me. In Mgo mtn nme Is depicted in 
Figure 4. 

1000; 



soa 
| aoo 

I 700 

teoo 
600 
400 



lt«) (320) (200) 



Orientation of thin film 
Pig. * tola ion between orientations and 
sputtering or MgO Ihln film 



The relationship between eputlsring rats and 
orientation can be expressed as follows: (280) < 
(200) < (ill). This relationship Is frioonsfcrterrt wftn 
the results for single crystan ana the reeuls of the 
simulation. This observation bidkralos that the 
eryeieJHne oiientetbn is not the main fedor for 
determining the sputtering rate for MgO thh fHrra. 
ki order 10 clarity the deciding factor, we an«tyzsd 
el samples with mspeoi to the lim eheraeterietlee 
erysiallloe oneniaron, density, and aurtese 
structure. 

Surface morphology 

as tne first factors ether then crysteJUno 
orientation, we examined the surface shape end 
the fim etrueture. Figure s ehows • •conning 
eieouen micrograph of the MgO fin. An 
enmeiefion of Hi* eurfeee structure based en 
SEM revealerJ ■ dWeienee In eurfeee roughness. 
Howsver. tne eurfeee roughness Increased In the 
eaouenoe (2»0) < (i 1 1 ) t (200). whien means that 
surface structure cannot be the deciding factor tor 
the oputtermg rate. 




Cross section 



— lOOum 



Plg.S SeTM rrierognphs of lha aurfeea 
structure Ol MgO thin Hms wKti the 
orientations u i n.(eeo),«nd (SQO) 

Density 

to the ngxioiap, we exsmirtM the impact of the 



IOW 98 525 
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film Intensity. P*r> Qntensny was evaluated ImJIreetty. 
based on tha rafrociKti index. Tlte reMfehship 
between ftm fniensty end njfracttre fndox can be 
described vtfln me fcftowlng equattarm"; 

n - |1-oj nv+prw 

n; refredfce index of tWn «m 

nv; refractive Indexof opening 

na: rwf racove tadax of the buft 

p; packaging fec&xoftr* imn fflm ' 

figure 6 aepfeu me rafsUonthlp bstwssn 
eputiMinai mo end refracuVa index, a cen ba seen 
diet there is newly ■ linear relanonemp. we 
confirmed that e good coneWfon exMed. 
Moreover) In ocder to confirm this relsttonsrifc, we 
performed experiment* for MgO thfa flm» si 
venous erystsBfne onentaflons. and the obtahed 
results showsd agafn mat a good correlation exists. 
We can thereforo aay that the d«oWv« factor 
dstermmha ttie sputtering nee of MgO thtn fltma is 
the film density. 



Trie results of our exarrsnatton of the 
retatfonsftip oefwssn the ntn oftaraofarlstica or 
MgO pnteetlve Sayera n*e and (fie sputtering nee 
ereaefoneWK 

Jha sputtering isle (rtaeaaed Jrt reWkm to the 
erysttffina direction fotmnng ttw sequence (200) < 
(8807 < (fit)- However, the cryetaavw 
orientation of tha thh fflmb not Vie decMve fatter 
for determining tne sputtering rare. The surface 
structure ef the tern knot the decisive factor lor the 
sputtering nee neither. Trie rest decisive factor 
detenrining the sputtering rate for MflO thh fffma is 
actually the mm density. 

1) M. P. ASsn and O. J. TWeetey. XJompum 
Simulation ef Liquids', 1 9BB, Cetanm 

2) M-Hanfe. HA Meetsod end 8. OgtirtK 
The Helaflonahlp - between OpBssf 
frmomogeneny and Flrti Strttctuie' Trtfm 8o8d 
PRrra37(1079)T79-178 



1300 
1200 
2 1100 
£ 1000 



600 

700 



900 -tT»a -s-*^ 



aim 
eti rn _ 

Oancvy 



o 

9 



a? 



,8 1,00 1.0 1.65 1.7 I.MS 

Refractive index 

Fig. a Relation between refractive fridex and 
sputtering ol MgO ihm fflm 
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<»20Hfi*PDPa»W»*J: o> 
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mm* (1 1 1) *D (lOO)* (1 1 O) 
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